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METHOD OF ASSISTING THE DESIGN OF A VEHICULAR SUSPENSION 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

[0001] The present invention relates to a method of assisting the design of a 

vehicular suspension to generate a simulation model for a suspension using a CAD system. 
In particular, the present invention is directed to a method of assisting the design of a 
vehicular suspension by easily entering specification values at predetermined definition 
points irrespectively of the type, mechanism, etc. of the suspension. 

2. Description of Background Art: 

[0002] There has previously been proposed a design assisting system for 

hypothetically assembling a three-dimensional model of an object to be designed on a 
computer before a prototype of the object is actually made. In this system, it is detected 
whether components of the object interfere with each other or not for the convenience of the 
designer in order to confirm the suitability of the layout of the components of the object. 
[0003] In order to produce an accurate three-dimensional model, it is necessary to 

enter spatial coordinates of major parts of the three-dimensional model and accurately define 
operating points thereof. If the three-dimensional model is fixed, since the positions and 
number of definition points whose coordinates are to be entered are evident, the numerical 
values are entered from a ten key pad on a keyboard or the like. 

[0004] It is assumed that the conventional design assisting system is applied to the 

designing of a vehicular suspension. As well known in the art, vehicular suspensions 
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include those for use on two-wheeled vehicles and those for use on four-wheeled vehicles. 
Vehicular suspensions are available in a plurality of types including a strut type, a (double) 
wishbone type, a trailing arm type, and a multi-link type. Furthermore, suspensions of one 
type have different mechanisms depending on whether they are applied to drive wheels or 
driven wheels. In addition, depending on whether the vehicular suspensions are applied to 
steerable wheels or not, different types and mechanisms for suspensions result in different 
positions and different numbers of definition points whose spatial coordinates are to be 
entered. In view of this, the operator cannot immediately recognize the positions and 
number of definition points whose spatial coordinates are to be entered. The operator needs 
expenditure of time and labor to enter the spatial coordinates, and may not enter all of the 
spatial coordinates correctly. 

SUMMARY OF THE INVENTION 
[0005] It is an object of the present invention to provide a method of assisting in 

the design of a vehicular suspension in a manner to solve the above conventional problems by 
allowing definition points inherent in suspensions to be easily recognized regardless of the 
different types and mechanisms for vehicular suspensions, and allowing specification values 
to be simply entered at the definition points. 

[0006] To achieve the above object, there is provided in accordance with the 

present invention a method of assisting in the design of a vehicular suspension to generate a 
simulation model of a suspension using a CAD system, comprising the steps of: indicating a 
suspension to be designed; opening a specification value entering window for entering 
specification values inherent in the indicated suspension; entering specification values at 
definition points inherent in the indicated suspension in the specification value entering 
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window; and generating a simulation model based on the specification values at the definition 
points. 

[0007] According to the above features, when a suspension to be designed is 

indicated, inherent definition points where specification values such as spatial coordinates 
have to be entered for generating a simulation model of the suspension are displayed. 
Therefore, the operator can easily recognize the definition points where specification values 
need to be entered regardless of the type and mechanism of the suspension. 
[0008] Further scope of applicability of the present invention will become apparent 

from the detailed description given hereinafter. However, it should be understood that the 
detailed description and specific examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only, since various changes and modifications within 
the spirit and scope of the invention will become apparent to those skilled in the art from this 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] The present invention will become more fully understood from the detailed 

description given hereinbelow and the accompanying drawings which are given by way of 
illustration only, and thus are not limitative of the present invention, and wherein: 
[0010] Figure 1 is a block diagram of an arrangement of a CAD system to which a 

method of assisting in the design of a vehicular suspension according to the present invention 
is applied; 

[°0H] Figure 2 is a flowchart of an operation sequence of an embodiment of the 

present invention; 



Attorney Docket No. 0505-0759P 

-4- 

[0012] Figure 3 is a view showing an example of a specification value entering 

window Win; 

[0013] Figure 4 is a view showing a displayed example of an interference analytic 

model corresponding to the specification value entering window Win shown in Figure 3; 
[0014] Figure 5 is a view showing another example of the specification value 

entering window Win; 

[0015] Figure 6 is a view showing a displayed example of an interference analytic 

model corresponding to the specification value entering window Win shown in Figure 5; 
[0016] Figure 7 is a view showing still another example of the specification value 

entering window Win; 

[0017] Figure 8 is a view showing a displayed example of an interference analytic 

model corresponding to the specification value entering window Win shown in Figure 7; 
[0018] Figure 9 is a view showing a displayed example of an interference analytic 

window Wkc; 

[0019] Figure 10 is a view showing an example of a dynamic characteristic analytic 

model displayed in a dynamic characteristic analytic window Wge; and 

[0020] Figure 1 1 is a view showing a displayed example of a simulation model. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0021] The present invention will hereinafter be described in detail with reference 

to the accompanying drawings. Figure 1 is a block diagram of a CAD system to which the 
present invention is applied. The CAD system comprises a CPU 11, a keyboard 12 and a 
display unit 13 as a man-machine interface, an internal memory device (HDD) 14 which 
stores a main program of the CAD system and image data of three-dimensional models, a 
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ROM 1 5 storing reference data, etc., a RAM 1 6 functioning as a working area of the CPU 11, 
an external interface 17, and an external memory device 20 connected via the external 
interface 17. 

[0022] Parameters indicating a suspension to be designed and specification values 

specifying the configuration of the suspension are entered from the keyboard 12. The 
internal memory device 14 stores a plurality of typical three-dimensional models of 
suspensions of different types and mechanisms. The internal memory device 14 and the 
external memory device 20 are not limited to the above applications, but either one of them 
may be selected as desired as a device for storing programs and data. 

[0023] Operation of the CAD system will be described below with reference to a 

flowchart shown in Figure 2 and displayed images shown in Figures 3 through 11. 
[0024] In step SI, a specification value entering table for indicating the type and 

mechanism of a suspension to be designed and the drive system of a vehicle to which the 
suspension is applied is read from the internal memory device 14, and displayed in a 
specification value entering window Win opened on the display unit 13. Figure 3 shows the 
specification value entering window Win by way of example. The specification value 
entering table includes a select type area 30 for indicating the type of a suspension, etc., a 
kinematics coordinate area 31 for entering spatial (three-dimensional) coordinates as 
specification values at given definition points of a three-dimensional model, and a geometry 
area 32 for entering the lengths, angles, etc. of mechanisms as specification values. 
[0025] The select type area 30 has an icon button 301 for selecting a drive system 

(POWER TRAIN), an icon button 302 for selecting a suspension type (SUS-TYPE), an icon 
button 303 for selecting a steering link mechanism (STRG-TYPE), and an icon button 304 
for selecting a cushion spring mounting position (CUSH.-MOUUNT). 
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[0026] In step S2, the icon buttons 301 - 304 are operated to indicate a suspension 

to be designed. In the example shown in Figure 3, a four-wheel drive (4WD) is indicated as 
the drive system, a double wishbone (DOUBLE W.B.) suspension as the suspension type, an 
arm link mechanism (ARM) as the steering link mechanism, and an upper arm (UPPER) as 
the cushion spring mounting position. 

[0027] After the suspension type and other details are indicated, a typical 

interference analytic model (first analytic model) of the suspension that satisfies the present 
selected conditions is selectively read from the internal memory device 14 and displayed on 
the display unit 13 in step S3. 

[0028] Figure 4 shows a displayed example of the interference analytic model. 

An interference analytic window Wkc, which is different from the specification value 
entering window Win, is opened and displayed. The interference analytic model is used to 
make various analyses including an analysis of whether there is an interference between 
various parts or not. 

[0029] Since the double wishbone suspension applied to the four-wheel drive 

vehicle is selected, the interference analytic model has two upper and lower suspension arms, 
i.e., an upper arm 61 and a lower arm 62, a tie rod 64, and a drive shaft 65. Furthermore, 
since the arm link mechanism is selected as the steering link mechanism and the upper arm 
61 is selected as an arm to which a coil spring 63 is mounted, the coil spring 63 is coupled to 
the upper arm 61. 

[0030] The lower arm 62 has a swingable end at a definition point A, and two 

swing fulcrums at definition points B, C. Similarly, the upper arm 61 has a swingable end at 
a definition point E, and two swing fulcrums at definition points F, G. The coil spring 63 
has an upper end at a definition point T. The coil spring 63 and the upper arm 61 are 
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coupled to each other at a definition point U. The tie rod 64 and a steering rod are coupled 
to each other at a definition point R, and the steering rod and a steering shaft are coupled to 
each other at a definition point S. The drive shaft 65 has opposite ends at definition points P, 
W. A definition point G represents an angle at which the steering shaft is attached. 
[0031] In step S4, in the specification value entering window Win, specification 

value entering boxes for definition points where spatial coordinates do not need to be entered 
are changed from a dark color to a light color, visually indicating that spatial coordinates do 
not need to be entered, and disabling the entry of specification values into those boxes. In 
the combination of "4WD", "DOUBLE W.B.", "ARM", "UPPER", as with the illustrated 
embodiment, the specification value entering boxes for the definition points D, H are 
displayed in a light color, disabling the entry of specification values into those boxes. 
[0032] According to the present embodiment, as described above, when parameters 

indicating a suspension type, a drive system of a vehicle to which the suspension is applied, 
etc. are indicated, all definition points required to generate a simulation model of the 
suspension are selected. Therefore, irrespective of the suspension type and other details, the 
operator can enter all necessary specification values by entering specification values at the 
selected definition points, for thereby simply and reliably generating a desired simulation 
model. 

[0033] Figure 5 shows another displayed example of the specification value 

entering window Win for a suspension type different from the above suspension type. In the 
displayed example, a two-wheel drive (2WD) is indicated as the drive system, a double 
wishbone suspension as the suspension type, an arm link mechanism as the steering link 
mechanism, and an upper arm as the cushion spring mounting position. 
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[0034] Figure 6 shows a displayed example of the interference analytic model that 

is selectively read from the internal memory device 14 based on the above indicated details. 
As is apparent from a comparison between FIGS. 4 and 6, since the 2WD system is indicated, 
the drive shaft 65 is omitted from the display. In the specification value entering window 
Win shown in Figure 5, the definition points P, W relative to the drive shaft 65 are added as 
points that do not need to be defined. 

[0035] Figure 7 shows still another displayed example of the specification value 

entering window Win for a suspension type different from the above suspension type. In the 
displayed example, a two-wheel drive (2WD) is indicated as the drive system, a double 
wishbone suspension as the suspension type, an arm link mechanism as the steering link 
mechanism, and a lower arm as the cushion spring mounting position. 

[0036] Figure 8 shows a displayed example of the interference analytic model 

which is selectively read from the internal memory device 14 based on the above indicated 
details. As is apparent from a comparison between FIGS. 6 and 8, the coil spring 63 is 
connected to the lower arm 62. 

[0037] If a progressive suspension that is primarily a rear-wheel suspension for 

motorcycles is indicated as a suspension type, then, as shown in Figure 9, a list of three- 
dimensional models of a plurality of progressive suspensions having different link 
mechanisms is displayed at a reduced scale in the interference analytic window Wkc. When 
the operator indicates a desired link mechanism, only an interference analytic model thereof 
is displayed at an enlarged scale in the interference analytic window Wkc. In Figure 9, 
definition points A, G are points where links B, C, D are mounted on the vehicle body, and a 
definition point E is a point where a cushion spring is mounted on the vehicle body. In this 
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embodiment, a suspension type can freely be selected regardless of whether the vehicle is a 
two-wheeled vehicle or a four-wheeled vehicle. 

[0038] After the suspension is indicated, specification values (spatial coordinates) 

at the respective definition points A, B, C, ... of the above typical interference analytic model 
are temporarily automatically registered (not shown) in the corresponding specification value 
entering boxes in the specification value entering window Win in step S5. 
[0039] In step S6, a typical dynamic characteristic analytic model (second analytic 

model) of the suspension which satisfies the present indicated conditions is selectively read 
from the internal memory device 14, and its three-dimensional model is displayed on the 
display unit 13. 

[0040] Figure 10 shows a displayed example of the dynamic characteristic analytic 

model. A dynamic characteristic analytic window Wge, which is different from the 
specification value entering window Win and the interference analytic window Wkc, is newly 
opened and displayed. 

[0041] In the dynamic characteristic analytic window Wge, a wheel diameter is 

represented by a definition point <t>l, a wheel outside diameter by a definition point <t>2, a 
wheel inside diameter by a definition point <t>3, various wheel thicknesses by definition points 
LI, L2, L3, and a rim wall thickness by a definition point t. Compression strokes of front 
and rear wheels are represented by definition points Dl, D4, expansion strokes of the front 
and rear wheels by definition points D3, D7, and strokes of the front and rear wheels when 
the vehicle is occupied by passengers and is not occupied by passengers by definition points 
D2, D6. 

[0042] In step S7, specification values (spatial coordinates) at the definition points 

<M, <t>2, ... of the above typical dynamic characteristic analytic model are temporarily 
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automatically registered (not shown) in the corresponding specification value entering boxes 
in the specification value entering window Win. 

[0043] After the suspension to be designed is indicated and the specification value 

entering window Win, the interference analytic window Wkc, and the dynamic characteristic 
analytic window Wge are opened, a process of updating and entering the temporarily 
registered specification values depending on the desired suspension configuration is selected 
in step S8. 

[0044] If an entry from the specification value entering window Win is selected, 

then the operator confirms the positions of the definition points A, B, *1, 02, ... in the 
windows Wkc, Wge while the interference analytic window Wkc and the dynamic 
characteristic analytic window Wge are being displayed together with the specification value 
entering window Win in the same displayed view, and enters, from the keyboard 12, desired 
specification values into the numerical value entry boxes in the specification value entering 
window Win which are denoted by the same symbols as those assigned to the definition 
points in the analytic windows Wkc, Wge, in step S9. The spatial coordinates temporarily 
registered in steps S5, S7 are now updated depending on the desired suspension configuration. 
In step S12, the entered and changed specification values are stored in the external memory 
device 20 in association with their definition points. 

[0045] In the present embodiment, inasmuch as the symbols representing the 

positions of the definition points are displayed in superposed relation to the interference 
analytic model and the dynamic characteristic analytic model, the operator can visually 
recognize the positions of the definition points. Therefore, it is easy for the operator to 
visually recognize specification values that are entered at the respective definition points. 
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[0046] If an entry is to be made from the interference analytic window Wkc (or the 

dynamic characteristic analytic window Wge), then definition points of the interference 
analytic model in the interference analytic window Wkc are dragged to move spatial 
coordinates thereof for thereby changing the model configuration in step S10. In step SI 1, 
the coordinates of the moved definition points are read as specification values. In step SI 2, 
the specification values of the moved definition points are stored in the external memory 
device 20 in association with their definition points. 

[0047] In step SI 3, the specification values updated or entered in step S9 are 

reflected in the interference analytic window Wkc and the dynamic characteristic analytic 
window Wge, and the model configuration is deformed depending on the specification values. 
If specification values have been entered or updated in steps S10, Sll, then they are reflected 
in the specification value entering window Win, and the numerical values in the 
corresponding specification value entering boxes are changed depending on the updated 
spatial coordinates. 

[0048] In the present embodiment, as described above, when definition points are 

entered or updated in either one of the specification value entering window Win, the 
interference analytic window Wkc, and the dynamic characteristic analytic window Wge, the 
entered or updated definition points are reflected in the other windows. Therefore, 
specification values may be entered or updated at definition points in either one of those 
windows. 

[0049] In step SI 4, it is determined whether specification values have been entered 

or updated at all the definition points or not. If there is a definition point where no 
specification value has been entered or updated, then control goes back to step S7 to repeat 
the above processing. If specification values have been entered or updated at all the 
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definition points, then the specification values at the definition points are registered in the 
external memory device 20, and a three-dimensional simulation model shown in Figure 1 1 is 
generated in step SI 5. 

[0050] In step SI 6, the simulation model is checked for its operation and 

interference. In step S17, it is determined whether the simulation model needs to be 
corrected or not. If there is any interfering area, then control goes back to step S8 to correct 
a corresponding definition point. 

[0051] The present invention offers the following effects: 

[0052] When parameters indicating a suspension type, a drive system of a vehicle 

to which the suspension is applied, etc. are indicated, all definition points for specification 
values required to generate a three-dimensional simulation model of the suspension are 
selected. Therefore, irrespective of the suspension type and other details, the operator can 
enter all necessary specification values by entering specification values at the selected 
definition points, for thereby simply and reliably generating a desired simulation model. 
[0053] Inasmuch as the positions of the definition points are displayed in 

superposed relation to the interference analytic model and the dynamic characteristic analytic 
model, the operator can visually recognize the positions of the definition points. Therefore, 
it is easy for the operator to visually recognize specification values that are entered at the 
respective definition points. 

[0054] When definition points are entered or updated in either one of the 

specification value entering window, the interference analytic window, and the dynamic 
characteristic analytic window, the entered or updated definition points are reflected in the 
other windows. Therefore, specification values may be entered or updated at definition 
points in either one of those windows. 
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[0055] The invention being thus described, it will be obvious that the same may be 

varied in many ways. Such variations are not to be regarded as a departure from the spirit and 
scope of the invention, and all such modifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the following claims. 



